To determine the level of adherence to the American Academy of Ophthalmology preferred practice pattern (PPP) guidelines for quality primary open-angle glaucoma (POAG) and POAG suspect (POAGS) care among retail-based optometrists.
G laucoma is one of the most common eye diseases of aging and the leading cause of irreversible visual impairment worldwide. In 2011, 2.71 million persons in the United States had primary open-angle glaucoma (POAG) and this number is projected to rise to 7.32 million by 2050. 1 The prevalence of POAG suspect (POAGS) has not been documented as definitions vary based on visual field, intraocular pressure (IOP), and optic nerve damage criteria. However, studies have documented the prevalence of ocular hypertension, usually defined as IOP > 21 mm Hg or in the highest 97.5% percentile for the population without clinical evidence of optic disc or visual field damage, as affecting 3 to 6 million persons in the United States. 2 The American Academy of Ophthalmology (AAO) has developed preferred practice pattern (PPP) guidelines for POAG and POAGS, 2, 3 which are very similar to the practice guidelines recommended by the American Optometric Association, 4 that identify characteristics and components of quality eye care. The differences in the PPP by the 2 organizations are minimal with the AAO guidelines preferring Goldmann applanation tonometry as well as visual field testing using automated static threshold perimetry, whereas the American Optometric Association guidelines explicitly recommend reducing IOP by 30% to 50% from pretreatment levels. The AAO guidelines, based on the best available scientific data as interpreted by an expert panel of glaucoma specialists, are geared to inform clinicians regarding disease prevalence, risk factors, diagnosis, and management in the care of POAG and POAGS patients. However, components of an initial POAG or POAGS evaluation as well as ongoing examination and testing to monitor for disease progression are often not performed in accordance with current PPP by primary eye care providers, both ophthalmologists and optometrists. [5] [6] [7] [8] [9] [10] [11] This is unfortunate, as optimal management of POAG and POAGS is dependent upon careful interval examination and documentation of ophthalmic findings with specific emphasis on monitoring of the structure and function of the optic nerve to detect progressive injury. 12 There is a lack of ophthalmologists practicing in underserved areas, including in Alabama, where many people at-risk for POAG and POAGS reside, including those of African American race, older age, and with diabetes. 13, 14 The most accessible eye care providers in many of these underserved areas are optometrists practicing in retail-based eye clinics, such as Walmart Vision Centers.
With an increasing population of people at-risk for POAG and POAGS, optometrists in such retail-based eye clinics will likely be the initial providers examining people and identifying POAG and POAGS, yet little is known about the practice habits of such optometrists, particularly in regard to compliance with the PPP of POAG and POAGS.
In the current study, we aim to determine the level of adherence to the PPP guidelines for quality POAG and POAGS care among optometrists practicing in retail-based eye clinics while participating in a telemedicine pilot project, the Eye Care Quality and Accessibility Improvement in the Community (EQUALITY) project, that was deployed in retail-based clinics. 15 
METHODS
The study was approved by the Institutional Review Board (IRB) of the University of Alabama at Birmingham (UAB) and was consistent with the Declaration of Helsinki. Verbal informed consent was obtained as the study was considered "usual care" and thus the UAB IRB waived written informed consent. Patients were enrolled as part of a 1 year, telemedicine pilot project deployed in 2 primary eye care clinics (Walmart Vision Centers) staffed by optometrists located within retail centers (Walmart Supercenters) that serve predominantly African descent communities in underserved areas of Alabama. 16 Briefly, The EQUALITY telemedicine project aimed to leverage existing retail-based optometric providers in these underserved communities to provide distributed, community-based care and was organized as follows: optometrists working in the retail-based clinics performed comprehensive eye examinations per their usual standard of care with the additional use of automated optic nerve structural and functional assessment, such as pachymetry, visual field, and optical coherence tomography (OCT) testing, as they felt necessary. The data from the comprehensive eye examination and automated optic nerve assessment were transmitted electronically to a tertiary glaucoma center, located geographically remotely from the primary eye care clinics, where it was evaluated by a fellowship-trained glaucoma subspecialist and feedback was provided to the optometrist on diagnosis and/or management. Patients presenting to the primary eye care clinic for a routine eye examination who were found to be at-risk for glaucoma based on demographic factors previously and before the eye examination or those who had an existing diagnosis of POAG, normal tension glaucoma, POAGS, or ocular hypertension were eligible and invited to participate in the telemedicine project upon completion of their routine comprehensive eye examination by the optometrist. At-risk criteria for glaucoma included: (1) African American or Hispanic 40 years old and above; (2) white 50 years old and above; (3) persons of any age or race/ethnicity with diabetes; and/or (4) a self-report of any family history of glaucoma. These criteria were selected because they are established risk factors for glaucoma. 3 Patients with a new or existing diagnosis of POAG, normal tension glaucoma, POAGS, or ocular hypertension made by the optometrist in one or both eyes at the first study visit of the telemedicine project were included. For purposes of stratification, a diagnosis of normal tension glaucoma was included in the POAG analysis and a diagnosis of ocular hypertension was included in the POAGS analysis. Patients were enrolled from May 2013 through 2014 for the Walmart Vision Center in Tuscaloosa, Alabama and from May 2013 through July 2014 for the center in Homewood, Alabama. Both optometrists have been practicing for over 15 years, and see over 4000 patient visits annually at the Walmart Vision Center locations. The optometrist at each site performed a comprehensive eye examination and optic nerve assessment as per the optometrist's individual usual standard of care, made an optic nerve diagnosis, and instituted a treatment plan based on his clinical judgement and recorded all data in an electronic medical record (EMR). The telemedicine project protocol was then instituted where additional imaging of the optic nerve such as OCT was performed if it had not already been obtained as part of the optometrist's usual care examination.
EMRs for these participants were abstracted by 2 independent reviewers for all patient visits ranging from the patients' initial study visit through the end of the study period. Information on whether the 15 elements of a complete POAG or POAGS evaluation as recommended by the PPP were performed was recorded for each visit. Five of the elements were related to history taking: ocular history, systemic history, family history, review of systems, and medications. Nine elements were related to ocular examination and testing: visual acuity measurement, pupil examination, slit-lamp examination of the anterior segment, IOP measurement, gonioscopy, optic nerve head, and retinal nerve fiber layer examination with imaging, dilated fundus examination (DFE), measurement of central corneal thickness (CCT), and visual field evaluation. The final element pertained to patient management: setting a target IOP.
Compliance was defined as documentation in the EMR that the PPP element was performed during any of the visits that occurred during the study period. Demographic characteristics of the patients were tabulated and compliance rates for each PPP element was tabulated for all patients. Bivariate analysis for completion of each PPP was by number of visits (single vs. multiple) and by diagnosis (POAG vs. POAGS) using the Fisher exact testing. The significance threshold was set at 0.05.
RESULTS
Of the 653 total patients seen during the study, 360 patients had a diagnosis of POAG or POAGS. Demographic details of our study population include 60.8% female, 70.6% African American, 39.4% with a family history of POAG or POAGS, and 58.1% POAGS, whereas the remainder (41.9%) carried a diagnosis of POAG (Table 1) . Ten of the 15 POAG Approximately one third (118; 32.8%) of patients were seen once and the remaining 242 (67.2%) had multiple visits. Compliance with the 15 elements recommended by the PPP was stratified between these 2 groups ( Table 3 ). The 10 elements of the POAG PPP which were documented in over 98% of total patients were also found in over 96% of single visit patients. In patients with multiple visits, providers were more likely to document systemic history (100.0% vs. 97.5%; P = 0.0346), review of systems (100.0% vs. 97.5%; P = 0.0346), gonioscopy (60.0% vs. 22.0%; P < 0.001), CCT (94.2% vs. 77.1%; P < 0.001), visual field (97.5% vs. 40.7%; P < 0.001), and target IOP (22.4% vs. 1.7%; P < 0.001) compared with single visit patients. Comparing PPP compliance by diagnosis (Table 4) , POAG patients more often received visual field testing (92.7% vs. 68.9%; P < 0.001) and had an established target IOP (35.1% vs. 1.4%; P < 0.001) compared with POAGS patients.
DISCUSSION
This study examines adherence to the AAO PPP guidelines for POAG and POAGS by optometrists practicing in retail-based clinics. Overall, we found excellent adherence ( > 98%) to 10 of the 15 PPP elements. DFE, measurement of CCT, and visual field examination were also performed with high frequency. Gonioscopy was documented in less than half of patients while setting a target IOP was only performed in a fraction of patients. Our study provides a unique look into the practice patterns of optometrists working within retail-based clinics within a defined telemedicine protocol. As these providers were aware of their participation in a telemedicine project and knew their examination results would be reviewed by an outside glaucoma subspecialist, these practice patterns are likely a "best case scenario" of community optometrists.
This may explain the high rate of compliance with a majority of the PPP elements. Yet in spite of this, some PPP elements still had low compliance rates.
Vertically integrated health care models such as the EQUALITY demonstration telemedicine project are a potential tool to address the rapid growth in patients requiring subspecialist care and the limited number of subspecialists. Such models aim to integrate care between subspecialist physicians and primary care providers. These models combine the decision-making of highly trained subspecialists with the ubiquity and improved patient access to care of primary care providers. Such vertically integrated models of eye care offer benefits of standardization of care, provision of subspecialty care for the patients with the most severe and complex disease, and potentially reduced costs.
Winkler et al 17 implemented such a protocol for glaucoma care at Mayo Clinic's campus in Rochester, Minnesota reviewing records of 591 patients with newly diagnosed glaucoma for documentation of 9 POAG PPP elements in the 3 years before and after protocol implementation. They found a significant increase in adherence to AAO recommendations in documentation of target IOP (+24%), gonioscopy (+27%), fundus photographs (+29%), and OCT (+20%) after protocol initiation. Although this model is more complex, glaucoma specialists benefit from focusing their efforts on those who most need their care, optometrists benefit from easy access to glaucoma specialists for consultation, and both groups benefit in a collaborative model without risk of patient attrition to either practice. Ehrlich and colleagues 18 demonstrated improved evaluation of visual function and target IOP determination via a physician collaborative approach. Such care models and collaborative methods along with improved provider education regarding the importance of the PPP constitute possible approaches to enhancing quality of care. Our study has several limitations. Some elements of the PPP were part of the EQUALITY project clinical examination recommendations, such as obtaining CCT, gonioscopy, and optic nerve imaging for each of the enrolled patients. Although the optometrists were also instructed to proceed with usual patient care as the telemedicine project was being conducted, this could have made the compliance rates with the PPP higher than would have occurred outside of the project setting. Regardless, the result, as seen in the PPP compliance rates, is that the providers did not always follow the telemedicine examination recommendations. Practice patterns are also being analyzed within a single retail chain which may have protocols in place where particular data are recommended for inclusion in the EMR. The payment model for providers within this retail chain is unknown but may also influence which procedures are performed and documented in the EMR. In addition, there was a mix of health insurances among the study participants who may have potentially affected which testing and imaging was performed in that a provider may have not performed a particular test due to worry about reimbursement. However, this seems unlikely to have largely affected the providers' decision-making given the high rate of visual field and OCT testing performed. Another limitation is that it is difficult to generalize the results of this study as only 2 optometrists' practice patterns were studied. As described above, these are highly experienced optometrists that see a large volume of POAG and POAGS patients, and these results may overestimate the PPP compliance rates in a larger population of optometrists who have less experience managing patients with glaucoma or who do not have access to the devices needed for glaucoma testing and imaging.
In conclusion, this study supports the growing body of literature highlighting key deficiencies in glaucoma care likely to reduce clinicians' ability to detect potentially blinding progressive glaucomatous injury. As the aging population grows and more patients are seen by primary eye care providers such as optometrists in retail-based clinics, knowledge of PPP compliance is important to maintain patients' vision and reduce rates of irreversible blindness. It is important to monitor and stress compliance with the PPP among all providers. 
